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Using High -Precision Specific Gravity Measurements to Study 
Minerals in Undergraduate Geoscience Courses  

INTRODUCTION 
Mineral characterization and identification in hand 

specimen have long been important parts of laboratory 
exercises in mineralogy and physical geology. Hands-on 
activities involving the careful examination and 
identification of minerals can help students develop 
observational, analytical, and critical skills as they 
familiarize themselves with common rock -forming and 
ore minerals (e.g. Moecher, 2004; Hollocher, 2008). 
Learning and experimenting with the relevant analytical 
methods simultaneously helps students hone their 
practical skills and critical thinking abilities (Wulff, 2004).  
Examples of specific classroom and laboratory exercises 
for undergraduates, culled from an NSF -sponsored 
workshop on òTeaching Mineralogyó, are provided by 
Brady et al. (1997) and have been compiled on a website  
(Science Education Resource Center: Teaching 
Mineralogy, 2009).   

In mineralogy and physical geology classes, hand 
specimen mineralogy typically comes very early in the 
term and helps to establish the tone of the course (e.g. 
Dyar et al., 2004; Swope and Gieré, 2004; Wirth, 2007).  
Standard techniques of hand specimen characterization 
and identification are detailed in practically all 
mineralogy textbooks and are also described briefly in 
most introductory physical geology texts ( e.g. Marshak, 
2008; Tarbuck and Lutgens, 2008).  Most of the techniques 
are essentially qualitative, dealing with properties such as 
form, habit, color, streak, luster, cleavage, fracture, and 
hardness. This early emphasis on qualitative methods is 
entirely reasonable but may contribute, unfortunately, to 
the widespread perception of geoscience as being 
òremedial scienceó rather than the highly quantitative 
field in which modern geoscientists actually work 
(Manduca et al., 2008). In this context, measurement of 
specific gravities of minerals provides a special 
opportunity to emphasize quantitative approaches early 
in the curriculum. Specific gravity (G) is a quantifiable but 
intuitively simple property that can be used to 
characterize and identify minerals in introductory geology 

courses for non-science students as well as in mineralogy 
courses for geoscience majors. If sufficiently accurate and 
precise, specific gravity measurements can be used to 
estimate the chemical compositions of simple binary solid 
solution minerals such as olivines, orthopyroxenes, and 
plagioclase feldspars. This compositional information 
provides an opportunity to create a bridge between 
mineralogy and the fields of petrology and geochemistry. 
Such an emphasis on quantitative skills, and on the 
resulting links that can be established across the 
geosciences curriculum (e.g. Nelson and Corbett, 2000), 
contributes to the general goal of preparing students to 
deal thoughtfully with quantitative issues and problems 
in all fields of academics as well as in the world outside 
the classroom (Science Education Resource Center: 
Teaching Quantitative Skills in the Geosciences, 2008). 

Various inexpensive instruments for measuring 
specific gravity, such as the pycnometer and Jolly balance, 
are described in introductory mineralogy textbooks ( e.g. 
Nesse, 2000; Dyar and Gunter, 2008; Klein and Dutrow, 
2008; Perkins, 2011). Though useful, these instruments 
lack the precision required for analysis of very small 
samples, such as the size fraction of pure mineral 
fragments (milligrams to tens of milligrams) that can be 
separated easily from medium-grained rock samples.  
Commercially available instruments designed specifically 
for this purpose, such as the Berman balance (Berman, 
1939; Klein and Hurlbut, 1999), are expensive. The ability 
to measure very small samples, however, has considerable 
educational benefits: it can help students go beyond the 
examination of unusually large, well -formed crystals and 
work with the kinds of specimens that they are much 
more likely to encounter in the field. For example, vein -
filling zeolites (G = 2.05ð2.35) can be distinguished easily 
from feldspars (G = 2.60ð2.76) without having to attempt 
hardness tests on tiny fragments.  Massive or fibrous 
serpentine can be distinguished from other common dark 
silicates by its low density (G = 2.55ð2.65). Some 
important non -silicate minerals have diagnostic specific 
gravities that can be extremely helpful for identification 
(e.g. sphalerite, G = 3.9ð4.1; barite, G = 4.5; ilmenite, G = 
4.70ð4.79). In these and many other ways, the ability to 
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ABSTRACT  
This article describes ways to incorporate high-precision measurements of the specific gravities of minerals into 
undergraduate courses in mineralogy and physical geology.  Most traditional undergraduate laboratory methods of 
measuring specific gravity are suitable only for unusually large samples, which severely limits their usefulness for 
student projects involving minerals in ordinary rocks of the sort usually encountered by working geologists.  To 
overcome this limitation, a custom -built apparatus is described that, when combined with a precision analytical balance 
of the type commonly present in academic research laboratories, can be used to determine the specific gravities of 
samples as small as several milligrams.  For a balance with precision to 0.01 mg, G can typically be measured with an 
accuracy of ±0.01 or better for specimens weighing several tens of milligrams and ±0.03 or better for specimens as small 
as 5-10 milligrams. The apparatus is easy to make and easy to use.  It provides students with a simple and effective way 
to use quantitative methods to characterize and identify minerals in hand specimen, including small single crystals 
separated from common medium -grained rocks.  
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analyze small crystals ñ of the size range commonly 
found in rocks ñ makes it easier for students to work 
with the types of specimens they are likely to encounter as 
geologists. This is useful for teaching and learning, as 
realistic and practical hands-on exercises capture the 
interest of students and help them learn how to think and 
work like scientists (Manduca, 2007; Perkins, 2007; Wirth, 
2007). 

In this paper I describe a simple custom-built 
apparatus that, when combined with a precision analytical 
balance of the type commonly present in academic 
research laboratories, can be used to determine the 
specific gravities of very small mineral samples. For a 
balance with precision to 0.01 mg, accuracy in measured G 
is typically ±0.01 or better for specimens weighing several 
tens of milligrams and ±0.03 or better for specimens as 
small as 5-10 milligrams. The apparatus can be made 
cheaply from materials that are easy to obtain and can be 
built in a few hours using only a few common tools. The 
expensive part of the setup is, of course, the precision 
analytical balance, so itõs helpful to have one already in 
your laboratory or available nearby.  

 

DESIGN AND OPERATION OF A HIGH -
PRECISION SPECIFIC GRAVITY APPARATUS  

The apparatus, mounted in a precision analytical 
balance, is shown in Figure 1. It is a slightly modified 
version of a design for gemologists described by Hurlbut 
and Switzer (1979). The principle of operation is simple: 
due to the effects of buoyancy, a mineral immersed in 
liquid will weigh less than the same mineral in air, and the 
difference in weight can be used to determine the 
mineralõs specific gravity (i.e. the hydrostatic method 
described in mineralogy textbooks, with various 
instrumental applications reviewed by Muller, 1977). In 
practice, a sample is weighed twice, once in air and once 
in liquid, and the difference in weights is used to calculate 
the specific gravity using the relationship:  

 

 
 
The apparatus in Figure 1 has two weighing pans, one 

in air and the other immersed in a bottle of liquid. Both 
pans are attached to a thin wire that hangs from a heavy 
wire loop attached to the balance's weighing platform. 
Note that the bottle of liquid does NOT rest on the 
balance's weighing platform, but is placed instead on a 
separate stand, so that the bottle and liquid are not being 
weighed. To measure the specific gravity, the sample is 
placed first on the upper weighing pan (dry) and the 
weight in air is recorded. The sample is then moved to the 
lower weighing pan (immersed in liquid) and the weight 
in liquid is recorded. The specific gravity of the sample 
can then be calculated, provided that the specific gravity 
of the liquid is known.  
 
Choosing a suitable liquid - An appropriate choice of 
liquid is essential for accurate measurements.  

Experiments with small samples demonstrate that water is 
not suitable for this purpose because surface tension 
effects cause the measurements to be erratic. Ethanol, on 
the other hand, is a very good weighing medium that has 
much lower surface tension and produces highly 
reproducible results. Unlike some other organic liquids 
commonly employed for specific gravity determination 
(e.g. toluene), ethanol can be used safely on the bench top 
rather than in a fume hood, provided that appropriate lab 
safety practices are followed. Ethanol is not carcinogenic, 
and because the amount of liquid required is small, the 
amount of vapor produced during use of the apparatus 
does not create an inhalation hazard in a well-ventilated 
room. It should be noted, however, that in addition to its 
well -known toxicity when ingested ( e.g. in alcoholic 
beverages), ethanol is highly flammable and the pure 
liquid is a severe irritant to the eyes. Appropriate safety 
glasses or goggles should be worn and the instructor 
should make sure that the apparatus is set up in an area 
safe from sparks and open flames. Students must also be 
instructed in safe handling methods in accordance with 
their schoolõs laboratory safety programs. 

All measurements reported in this paper were made 
using pure reagent-grade ethanol. Because the density of 
ethanol varies appreciably with temperature, it is essential 
to monitor the temperature carefully when making 
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FIGURE 1. A) Specific 
g ra v i t y  appa ra tus 
mounted in a precision 
analytical balance.  
B) Close-up, showing 
the bottle of ethanol 
resting on a sheet metal 
stand. A heavy wire 
loop is attached to the 
weighing platform. One 
small weighing pan 
rests directly on the 
loop, while the other is 
suspended in the 
alcohol by a thin wire 
joining the two pans.  
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measurements. The specific gravity of ethanol as a 
function of temperature is shown in Figure 2.  

 

TYPICAL RESULTS  
Results of measurements for samples of quartz, 

kyanite, galena and fluorite are given in Tables 1 and 2.  
The five quartz samples, with masses ranging from 5 mg 
to 198 mg, are fragments of a single pure transparent 
crystal. Each quartz fragment was weighed eight times 
and the results are depicted graphically in Figure 3. For all 
of the quartz fragments, measured G is very close to the 
value of 2.649 at 22°C determined by Smakula and Sils 
(1955).  Errors for individual measurements range from 
about ±0.03 for the 5 mg sample to ±0.002 for the 198 mg 
sample, and are less than ±0.01 for samples weighing 
several tens of milligrams. When measurements are 
repeated and the results are averaged, the error is 
substantially diminished, especially for the smallest 
samples: the averages of eight weighings for the 5 mg and 
8 mg samples are 2.66 and 2.65, respectively, while 
averages of eight weighings for each of the three larger 
samples are between 2.646 and 2.649. The average value of 
2.649 for the 198 mg sample is identical to the value 
determined by Smakula and Sils (1955). Results for other 
minerals are also excellent: measurements for kyanite, 
fluorite and galena agree very well with values of G 
tabulated by Olhoeft and Johnson (1989), with 
discrepancies of 0.01 or less. 
 
Sources of error ï For samples of several tens of 
milligrams and smaller, the accuracy of the specific 
gravity determination is limited mainly by the precision of 
the balance. For larger samples the accuracy is limited 
mainly by uncertainty in the specific gravity of the 
ethanol. These errors are discussed in more detail below. 

Consider first the limit of precision of the balance.  
The balance in our lab is an A&D Model ER -182A with a 
digital readout to 0.00001 g (0.01 mg). If the uncertainty of 
a single weight determination is taken to be ±0.01 mg, 
then the uncertainty in the difference between two 
weights ( i.e. in air and in ethanol, the denominator in the 
equation for G) will be ±0.02 mg. For the quartz samples, 
the effect of this uncertainty on calculated values of G is 
represented by thin solid lines in Figure 3. For very small 
samples (<60 mg), uncertainty in the last decimal place 
during weighing can account for nearly all of the variation 
in measured G. This conclusion is strengthened by the 
observation that, in practice, the precision of each 
weighing is not quite as good as a single digit in the last 
decimal place (as shown by the results of repeated 
weighings in air, Table 1), so the true uncertainty is 
somewhat greater than that represented by the lines in 
Figure 3.  

For larger samples, such as the 198 mg quartz 
fragment in this study, uncertainties in the last decimal 
place during weighing are much less important.  Instead, 
the most significant source of error is probably 
uncertainty in the specific gravity of the ethanol, caused 
by errors in temperature measurement (G for ethanol 
varies by about 0.1% per °C at 22°C, causing a change of 
about 0.003 per °C in the apparent value of G for quartz) 
and by hydration of the ethanol by atmospheric water 
vapor. The latter effect is inferred from experiences in the 
classroom, where continued use of the same ethanol for 
several hours (or intermittent use over a few weeks) 
resulted in gradual decreases in calculated specific gravity 
for samples of all sizes (e.g. from G = 2.65 to G = 2.62ð2.64 
for quartz). This would be expected if the specific gravity 
of the ethanol increased slightly due to absorption of 
water vapor from the air, as the value used for G of the 

FIGURE 2. Specific gravity of pure ethanol as a function of temperature (data from Lide and Hayes, 2009, CRC 
Handbook of Chemistry and Physics, 90 th Edition, page 15-41). 

 


